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The widespread deployment of optical fiber with its attractive technologies such as 
dense wavelength division multiplexing (DWDM) is helping to satisfy the apparently 
insatiable demand for bandwidth in the telecommunication systems. However, the 
adoption of the technology in the optical communications systems, requires the 
establishment of traceable measurement facilities, which are capable of providing the 
information about the performance of the system. Information of particular parameter of 
interest, such as channel wavelength, can be obtained by either using an external or in-
line or built-in wavelength determination system. Currently, there are a number of 
techniques including bandpass filter technique, and interferometric fringe-counting 
techniques have been used in the system to measure the wavelength accurately.  
 
 
 iii 
In this thesis, a new approach for measuring optical signal wavelength using optical 
fiber power loss phenomenon is introduced. In this technique a relationship between 
input signal at one particular wavelength and attenuated signal in optical fiber is used. A 
wavelength dependent attenuator made of erbium-doped fiber has been used as the main 
component or element to develop and be applied for the wavelength determining 
system. The variation of the optical power loss of erbium-doped fiber with the 
wavelength of an input signal is utilized for wavelength discrimination. This research 
demonstrates some of the methods that can be used to exploit the erbium-doped fiber 
for measuring optical signal wavelength accurately. 
 
Results of the study showed that by changing parameter such as value of attenuation 
element, erbium-doped fiber length, ion concentration, or the erbium-doped fiber 
material type, or changing the attenuation element setup, the signal measurement could 
be as accurate as ± 2 nm and produce a wavelength range as wide as 45 nm.  
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Penggunaan fiber optik yang menawarkan teknologi menarik seperti Pemultipleksan 
Pembahagian Panjang Gelombang Terpadat (DWDM) secara meluas dapat membantu 
menyediakan keperluan lebarjalur dalam sistem telekomunikasi. Bagaimanapun, 
penggunaan teknologi ini di dalam sistem komunikasi optik, memerlukan penyediaan 
kemudahan pengukuran boleh pantau, yang berupaya untuk menyediakan maklumat 
mengenai prestasi sistem. Maklumat parameter yang dikaji iaitu panjang gelombang 
saluran, boleh diperolehi samada melalui sistem pengukuran luaran atau diukur pada 
laluan sistem atau sistem pengukuran di dalam sistem itu sendiri.  Pada masa ini, 
terdapat berbagai teknik mengukur panjang gelombang yang tepat termasuklah teknik 
penapis lulus rendah, dan teknik pengiraan-pinggir interferometrik. 
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Di dalam tesis ini, satu pendekatan baru untuk mengukur panjang gelombang 
menggunakan fenomena kehilangan kuasa gentian optik telah diperkenalkan. Di dalam 
teknik ini perkaitan di antara isyarat masukan pada satu panjang gelombang tertentu dan 
isyarat terlemah di dalam fiber optic digunakan. Satu pelemah yang bergantung kepada 
panjang gelombang yang dibuat daripada gentian erbium-doped digunakan sebagai 
komponen atau elemen utama bagi membentuk sistem menentukan panjang gelombang 
ini. Perubahan kehilangan kuasa isyarat optik gentian erbium-doped terhadap panjang 
gelombang isyarat masukan digunakan untuk penentuan panjang gelombang. 
Penyelidikan yang dibuat menunjukkan beberapa kaedah bagaimana gentian erbium-
doped boleh digunakan untuk pengukuran panjang gelombang isyarat optik dengan 
tepat. 
 
Keputusan penyelidikan menunjukkan bahawa perubahan beberapa nilai pembolehubah 
elemen pelemah seperti panjang gentian erbium-doped, ketumpatan ion, atau jenis 
bahan erbium-doped, atau mengubahsuai litar elemen pelemah, pengukuran isyarat 
boleh mencapai ketepatan ± 2 nm dan menghasilkan julat panjang gelombang selebar 
45 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 vi 
ACKNOWLEDGEMENTS 
 
 
All Praise are due to Allah. First and foremost I thank Allah, the Generous, for having 
finally made this humble effort a reality. I, therefore, express my deepest appreciation to 
all the following people who assisted directly or indirectly to bringing this thesis to this 
final format, because I would never have been able, by myself, to achieve this.  
 
First, I particularly grateful to Associate Prof. Dr. Mohamad Khazani Abdullah, the 
chairman of my supervisory committee for his guidance concerning the idea of the 
research, the information on the technical accomplishments and current status of the 
research, and the feedback on the substance of the thesis write-ups. 
 
I would to extend my gratitude to Puan Wan Azizun Wan Adnan, my supervisor for her 
very helpful and valuable technical suggestions.  
 
My special thanks to Prof. Dr. Wan Mahmod Mat Yunos, my supervisor for his kind 
supervision, and to all staff in Photonics Lab for the academic input and helpful 
discussions. 
 
Finally, I want to express my love and gratitude to my husband and my family who 
supported and encouraged me to persevere despite many difficulties.  
 
May Allah, the Most High bless all of us, and may He cause the efforts of all involved 
to be purely for Him, and may He store its reward for us with Himself. Ameen.  
 vii 
I certify that an Examination Committee met on 29 October 2003 to conduct the final 
examination of Norhayati binti Affandi on her Master of Science thesis entitled “An 
Optical Wavelength Measurement Tehcnique Using Erbium-Doped Fiber Attenuation” 
in accordance with Universiti Pertanian Malaysia (Higher Degree) Act 1980 and 
Univerisiti Pertanian Malaysia (Higher Degree) Regulation 1981. The Committee 
recommends that the candidate be awarded the relevant degree. Members of the 
Examination Committee are as follows: 
 
 
ABD. RAHMAN BIN RAMLI, Ph.D. 
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Chairman) 
 
MOHAMAD KHAZANI BIN ABDULLAH, Ph.D. 
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Member) 
 
W MAHMOD BIN MAT YUNUS, Ph.D. 
Professor 
Faculty of Science and Environmental Studies 
Universiti Putra Malaysia 
(Member) 
 
WAN AZIZUN BINTI WAN ADNAN 
Faculty of Engineering 
Universiti Putra Malaysia 
(Member) 
 
 
 
 ……………………………………………………. 
 GULAM RUSUL RAHMAT ALI, Ph.D. 
 Professor/Deputy Dean  
 School of Graduate Studies 
 Universiti Putra Malaysia 
 
 Date: 
 viii 
  
This thesis submitted to the Senate of Universiti Putra Malaysia has been accepted as 
fulfilment of the requirement for the degree of Master of Science. The members of the 
Supervisory Committee are as follows: 
 
 
 
MOHAMAD KHAZANI BIN ABDULLAH, Ph.D. 
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Chairman) 
 
W MAHMOD BIN MAT YUNUS, Ph.D. 
Professor 
Faculty of Science and Environmental Studies 
Universiti Putra Malaysia 
(Member) 
 
WAN AZIZUN BINTI WAN ADNAN 
Faculty of Engineering 
Universiti Putra Malaysia 
(Member) 
 
 
 
 ……………………………………………. 
 AINI IDERIS, Ph.D. 
 Professor/Dean 
 School of Graduate Studies 
 Universiti Putra Malaysia 
 
 Date: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ix 
DECLARATION 
 
I hereby declare that the thesis is based on my original work except for quotations and 
citations which have been duly acknowledged. I also declare that if it has not been 
previously or concurrently submitted for any other degree at UPM or other institutions. 
 
 
 
 
  …………………………………. 
 NORHAYATI AFFANDI 
 
  Date: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 x 
TABLE OF CONTENTS 
 
 Page 
 
 
ABSTRACT ii 
ABSTRAK iv 
ACKNOWLEDGMENTS vi 
APPROVAL vii 
DECLARATION ix 
LIST OF TABLES xiii 
LIST OF FIGURES xv 
LIST OF ABBREVIATIONS xix 
LIST OF SYMBOLS xx 
 
CHAPTER 
 
1 INTRODUCTION 
 
1.1 Evolution of Fiber-Optic Communication Systems and 
Requirement for Tests and Measurements 1 
1.2 Measurements in Fiber-Optic Communication Systems  3 
1.3 Research Motivation 5 
1.4 Objectives  6 
1.5 Thesis Overview 6 
 
 
2 WAVELENGTH MEASUREMENTS 
 
2.1 Definition of Wavelength 8 
2.2 Operating Wavelength 9 
2.3 Importance of Wavelength in Fiber-Optic Systems 10 
2.4 Methods of Accurate Wavelength Measurement  
2.4.1 Optical Bandpass Filter Technique 11 
2.4.2 Interferometric Fringe-Counting Technique 14 
2.4.3 Wavelength Discriminator Technique 16 
2.4.4 Dispersive Delay Line Technique 21 
2.5 Optical Fiber Attenuation and Optical Loss Technique for 
Wavelength Measurement  
2.5.1 Light Absorption-Based Technique 23 
2.5.2 Optical Fiber Spectral Attenuation 25 
 
 
3 LIGHT ABSORPTION-BASED WAVELENGTH METER  
 
3.1 Introduction   28 
 xi 
3.2 Wavelength Meter Configuration  28 
3.3  Research Methodology and System Parameters 
3.3.1 Computer Simulation  33 
3.3.2 Experiment  35 
3.4 Components Used  
3.4.1 Coupler  36 
3.4.2 Optical Filter  36 
3.4.3 Optical Attenuator  37 
3.4.4 Erbium-Doped Fiber (EDF)  37 
3.4.5 Photodetector  38 
3.4.6 Current-to-Voltage Converter  39 
3.5 Equipment Used   
3.5.1 Optical Source  40 
3.5.2 Optical Power Meter  41   
3.6 Input Signal Parameters   
3.6.1 Signal Wavelength  42 
3.6.2 Input Power  43 
3.7 Design Parameters   
3.7.1 Coupling Ratio  44 
3.7.2 Filter Bandwidth  45 
3.7.3 Attenuation   45 
3.7.4 Erbium-Doped Fiber Type (Material)  46 
3.7.5 Erbium-Doped Fiber Ion Concentration  47 
3.7.6 Erbium-Doped Fiber Length  50 
3.7.7 Photodetector Responsivity  51 
3.8 Performance Parameters   
3.8.1 Wavelength Accuracy  52 
3.8.2 Wavelength Resolution  53 
3.8.3 Wavelength Range  53 
 
 
4 RESULTS AND ANALYSIS  
 
4.1 Introduction   54 
4.2 Simulation Results   54 
4.2.1 Relationship Between Output Power and Input 
Power    55 
4.2.2 Dependency of EDF Optical Power Loss on Optical 
Signal Wavelength   56 
4.2.3 Dependency of EDF Optical Power Loss on Optical 
Signal Input Power  59 
4.2.4 Effect of EDF Length on Optical Power Loss  61 
4.2.5 Effect of Erbium Ion Concentration on Optical 
Power Loss  64 
 xii 
4.2.6 Effect of Adding Filters and Attenuators on 
Optical Power Loss Versus Wavelength 
Characteristic (without EDF)  67 
4.2.7 Effect of Adding Filters and Attenuators on 
Optical Power Loss Versus Wavelength 
Characteristic (with EDF)  70 
4.2.8 Effect of Adding Filters and Attenuators on 
Optical Power Loss Versus Input Power (with 
EDF)   73 
4.2.9 Effect of Coupling Ratio on The Measured 
Wavelength  74 
4.2.10 Effect of EDF Length on The Measured 
Wavelength  78 
4.2.11 Effect of EDF Ion Concentration on The 
Measured Wavelength  83 
4.3 Experiment Results  86 
4.3.1 Dependency of EDF Optical Power Loss on Optical 
Signal Wavelength   86 
4.3.2 Dependency of EDF Optical Loss on Optical Signal 
Input Power   88 
4.3.3 Effect of EDF Length on Optical Power Loss  89 
4.3.4 Effect of Doped Fiber Material on Optical Power 
Loss   90 
 
 
5 CONCLUSION AND FUTURE WORKS 
 
5.1 Introduction   93 
5.2 Conclusion   93 
5.3 Future Works   96 
 
REFERENCES    97 
APPENDICES    101 
BIODATA OF THE AUTHOR  119 
  
 
 
 
